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(54) Abstract Title 

Communication system and method 

(57) An orthogonal code hopping multiple access communication system divides channels according to the 
hopping patterns of the orthogonal codes allotted to the respective channels. The communication system 
includes a transmitter for modulating input digital signals in an orthogonal code hopping multiple access 
technique and transmitting the modulated digital signals, and a receiver for receiving the digital signals in the 
orthogonal code hopping multiple access technique and restoring the digital signals. As shown digital signals 
D are encrypted by mixing 11 with respective hoping codes OC, combined 12 and mixed 14 with a PN 
sequence to provide a more uniform power spectral density before transmission 17. 
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' 2331207 

DIGITAL COMMUNICATION SYSTEM AND METHOD 

The present invention relates to a digital convocation 
system and method, preferably a CDMA (Code Division Multiple 
Access) convocation system, .and more particularly to an 
orthogonal code hopping multipie <ocHMA) , 

system wh h divides t±mu 

patterns of the orthogonal codes. 9 



Figures OA and 1B are • ■ 

construction of a convention CDMA communication system us ng 
orthogonal codes. Figure ^ shows . transffiitter ^ 
IB shows a receiver. The orthogonal code 
15 example, a Walsh code, a Hadamard code or Cold code 

(OCC) " fi?Ure ^ - agonal code generator 

tOCG) 10 generates orthogonal codes OC(0>-oc<m> for the 
respective digital signals DO-Dm output fr om ■ . 
20 9 a -Q,» w- output from signal sources 

*a >=. Mrxers „a-llc ^ the digital 

corresponding orthogonal codes oc (0,-oc (a,, and , 

^, * ; uutmj, and a summer 12 

sums the mrxed signals output ^ ^ « 

pseudo-noise sequenee (pHss) u ecat ^ pseudo-- 

norse sequence (BO , or . p seudo . rMdoa , * ° 

5 ~»r ,or - ti pu« rl . u ^ „ ^ * 

^ amplified RF signal through an antenna 17. 

Referring to Figure l B , an RF amplifier 21 m i s 
RF signal received via a n * *»P-L"ier 21 amplifies the 

demodulates the « si " , & ^ ^ Adulator 22 

tne RF signal output from the RF amplifier 21 in 

Jure ia. a (or mu i t i pli er} 24 multiplies the 

demodulated signal output fro* the demodulator 22 Z \V » 
derated f „m en P NSG 23 . to ort h o g onal code 9 e ^r 23 
eenerates orthogonal codes «,„-«,., identioal ' t ™ 8 
the transmitter. Miypr c / . nose ln 

the output signal oTZ JZ ^T^"' ^ """^ 

the mrxer 24 by corresponding orthogonal 
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codes OC(0)>OC (m) . Integrators 26a-26c integrate the output 
signals of the mixers 25a-25c to restore the original digital 
signals DO-Dm and transfer the restored digital signal 
destinations 27a-27c. 

5 

As appreciated from the foregoing, in order to divide 
the channels, the conventional CDMA communication system 
allocates the unique orthogonal codes belonging to a 
specified set of the orthogonal codes to the respective 

10 channels and repeatedly multiplies the transmission digital 
signals by the allocated orthogonal codes. That is, the 
transmitter of Figure 1A repeatedly multiplies the allotted 
orthogonal codes for a bit duration of the digital signal to 
be transmitted, to spread the digital signal so that the 

15 spread digital signal may have wider spectrum . than the 
original digital signal. In addition, the transmitter 
multiplies the transmission signals by the PNS to scramble 
the transmission signals so that the other terminals may not 
restore the scrambled transmission signals. The receiver of 

20 FIG IB executes a reverse process of the transmitter. The 
"receiver generates the PNS identical to that used in the 
transmitter and multiplies the received RF signal by the PNS. 
In addition, the receiver multiplies the multiplied RF signal 
by the orthogonal codes identical to those used in the 

25 transmitter, repeatedly, and integrates the signals for the 
bit duration of the digital transmission signal, to restore 
the original digital signals. 

As apparent from the foregoing description, in the case 
30 .where the digital signals have not been encrypted previously, 
the conventional CDMA communication system should multiply 
( the digital signals by the PNS agreed between the transmitter 
and the receiver so as to encrypt the digital signals. 

35 It is an object of the present invention to at least 

mitigate the problems of the. prior art. 



Accordingly, a first aspect of the present invention' 



provides a transmitter for digital communication system, the 
transmitter comprising a f irst hopping orthogonal code 
generator for generating orthogonal codes according to a 
hopping pattern; a plurality of "mixers, each connected to the 
first hopping orthogonal code generator for multiplying 
digital signals by the orthogonal codes to produce 
orthogonally encoded digital signals; means for transmitting 
an output signal comprising the orthogonally encoded digital 
signals. 

Preferably, a transmitter is provided wherein first 
hopping orthogonal code generator comprises: an orthogonal 
code generator for generating the orthogonal codes according 
to the hopping pattern; and a hopping controller connected to 
orthogonal code generator for generating hopping pattern. 

A compromise may have to be reached between the speed of 
generation of an orthogonal code and the -data rate of the 
data to be encoded. 

Accordingly, an embodiment provides a transmitter 
wherein the first .hopping orthogonal code generator 
comprises: a memory for storing- the orthogonal codes for 
output according to the hopping, pattern; and a hopping 
controller for generating the hopping pattern and outputting 
the hopping pattern to the memory. 

By accessing pre -calculated orthogonal codes and storing 
those calculated codes in memory the speed with which such a 
code for use in encryption can be obtained is improved. 

in a preferred embodiment there is provided a 
transmitter wherein the means for transmitting the output 
s.gnal comprising the orthogonally encoded digital signals 
composes: a summer connected to outputs, of the mixers for 
summrng the orthogonally encoded digital signals output from 
the mixers to produce a ^ s . gnai; a ^ 

modulating the summer output signal; an antenna; and a power 
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amplifier for amplifying an output signal of the modulator 
and radiating the amplified signal through the antenna. 

In an encryption system, the more complex or varied • the 
codes used for encryption, the greater the security of the 
encrypted data. 

Therefore, an embodiment provides a transmitter wherein 
the duration of a code symbol of an orthogonal code used to 
orthogonally encode the digital signals varies as between 
orthogonal codes in relation to a data unit of a digital 
signal. 

A second aspect of -the present invention provides a 
receiver for a digital communication system, the receiver 
comprising means for .receiving an output signal comprising 
orthogonally encoded digital signals; a second- hopping 
orthogonal code generator for generating orthogonal codes 
according to a hopping pattern identical to that of a 
corresponding transmitter; a plurality of mixers for 
multiplying an output signal of the demodulator by the 
corresponding orthogonal codes; and a plurality of 
integrators for integrating output signals of the mixers to 
restore the digital . signals. 

Preferably, an embodiment provides a receiver wherein 
second hopping orthogonal code generator comprises: an 
orthogonal code generator for generating the orthogonal codes 
according to the hopping pattern; and a hopping controller 
connected to orthogonal code generator for generating hopping 
pattern. 

A third aspect of the present invention provides a 
digital communication system, preferably a CDMA communication 
system which uses orthogonal codes, comprising a transmitter 
and a receiver. 

A further aspect provides a transmitter for digital 



communication system, the transmitter comprising a first 
hopping orthogonal code generator for generating orthogonal 
codes; a plurality of mixers, each connected to the first 
hopping orthogonal code generator for multiply!™ digital 
Signals by the orthogonal codes to produce orthogonally 
encoded digital signals; me ans for transmitting an output 
sxgnal comprising the orthogonally encoded digital signals- 
wherein the duration of a code symbol of the orthogonal codes 
used to orthogonally encode the digital signals varies as 
between, orthogonal codes in relation to a data unit of . 
digital signal. , 

Advantageously, by varying the length of the orthogonal 
codes, preferably the code symbols, a function of 
encryption/decryption can be realised. ' • 

A still further aspect of the present invention provides 
a receiver for a digital communication system, the receiver 
comprising means for receiving an output signal : comprising 
orthogonally encoded digital signals; a second hopping 
orthogonal code generator for generating orthogonal codes 
identical to that of a compatible transmitter; . a plurality of 
mixers for multiplying an output signal of the demodulator by 
the corresponding orthogonal codes; and a plurality of 
integrators for integrating output signals of the mixers to 
restore the digital signals; wherein the duration of a code 
symbol of the at least one orthogonal code used to 
orthogonally encode the digital signals varies as between 
orthogonal codes in relation to a data unit of . digital ' 
signal. 

Preferably, wher ein the orthogonal codes are generated 
according to a selectable hopping pattern. 

Embodiments of the present invention will now be 
described by way of example only with reference to the 
accompanying drawings in which: 
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Figures LA and IB are diagrams showing the construction 
of a conventional CDMA communication system using orthogonal 
codes; 

Figures 2A and 2B are diagrams showing the construction 
5 of an orthogonal code hopping multiple access communication 
system according to an embodiment of the present invention; 

Figures 3A and 3B are diagrams showing the construction 
of an orthogonal code hopping multiple access communication 
system according to another embodiment of the present 
10 invention; and 

Figure 4 is a timing diagram showing the hopping- 
patterns of the orthogonal codes according to an , embodiment 
of the present invention. 

15 Figures 2A and 2B are diagrams showing the construction 

of an orthogonal code hopping multiple access (OCHMA) 
communication system according to an embodiment of the 
present invention, figure 2A shows a transmitter and figure 
2B shows a receiver. 

20 

Referring now to figure 2A, the orthogonal code lopping 
multiple access system comprise a hopping orthogonal code 
generator 30 for generating orthogonal codes .according to a 
hopping pattern. The generator 30 includes a hopping 

25 . controller 31 for controlling the hopping pattern of the 
orthogonal codes and an OCG 32 for generating the orthogonal 
codes according to the hopping pattern under the control of 
the hopping controller 31. Mixers lla-llc mix the digital 
signals DO-Dm output from the signal sources 9a- 9c with the 

30 corresponding unique orthogonal codes OC (HO) -OC (Hm) generated 
according to a specified hopping pattern/ and a summer 12 
sums the digital output signals of the mixers lla-llc; A 
PNSG 13 generates the PNS and a mixer (or multiplier) 14 
multiplies the output signal of the summer 12 by the PNS. A 

35 demodulator 15 demodulates an output signal of the mixer 14 
into the RF signal, and a power amplifier 16 amplifies the RF 
signal and radiates it through an antenna 17. 
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Referring to figure a, an Rr amplifier 21 amplifies the 
W Signal received fro. the transmitter via an antenna 20 A 
demodulator 22 demodulates the amplified Rr signal cutput 
from the R2 amplifier 21. A 2HS G 23 generates a PNS which is 
identical to that used in the transmitter and a mixer 2< 
mult lplle the demodulated sigBal ^ 

orthogonal code generetor ,0. consisting of an orthogon. 
code generator „ and , hopping controller „, generate5 
orthogonal codes OC ,H0, -0C (Hm) according to a hopping pattern 
whrch is identical to that used in the transmitter Mixers 
(or multipliers, 25a-25c multiply the signal output from the 
««« 24 by the corresponding orthogonal codes OC<HO) -0C(Hm) 
respe ctiv ely. Th e integrators 2 6a-2.c integrate the output 

ITT" " a - 25C " «- «*« signals 

Dm and transfer them to the signal destinations 27.-27c. 

Figures 3A and 3B are diagrams illustrating the 
construction of an 0CH» co^unication system according to 
another esfcod^ent. It should he noted that figures 3A and 
3B are rdentical to the construction of figures 2A and 2E 
except for the construction of the orthogonal code hopping 
generates 5 0 and so. As illustrated, the orthogonal code 
hoppm generatot 50 of m hopping ^ 

controllrng the hopping patterns of the orthogonal codes and 
M a H0„ (R e,d only Memory, 52 for ^ J 
codes stored therein according to th. I tnogonal 
dictated hy the hopping control^ £ "^L^ 
orthogonal code hopping generator .0 consists ^ Tlopp 
20 71 , ^.controlling, the hopping pattern of the 

orthogonal code and a KOH 6 2 for outputting the orthogonal 
codes stored therein under the control of th. T 
controller 61. ' <*e hopping 

...... -.„,.„. ... _ _ »■ 
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shorter as compared to the bit duration. A second orthogonal 
code has a hopping time which is identical to the bit 
duration. A third orthogonal code hops every two bit 
duration so that the hopping time is n times the bit. duration 
5 (where n is an integer). In the illustrative example . n is 
two. 

As described above, the OCHMA communication system of 
the invention can uniformly distribute the power density at a 
certain frequency band as compared with the conventional CDMA 

10 communication system, even without multiplying the pseudo- 
noise sequence, and only the receiver perceiving the hopping 
pattern can restore the digital signals. Thus, the 

communication system has the encryption function. Further, 
by multiplying the digital signals by the pseudo-noise 

15 sequence, the present invention can reinforce the encryption 
function and secure a more uniform, that is disposed, power 
spectral density. 



CLAIMS 



1. A transmitter for digital communication system, the 
transmitter comprising 

a first hopping orthogonal code generator for generating 
orthogonal codes according to a hopping pattern; 

a plurality of mixers, -each connected to the first 
hopping orthogonal code generator for multiplying digital 
^signals by the orthogonal codes to produce orthogonally 
encoded digital signals; 

means for transmitting an output signal comprising the 
orthogonally encoded digital signals. 

2. A transmitter as claimed in claim 1, wherein first 
hopping orthogonal code generator comprises: 

an orthogonal code generator for generating the 
orthogonal codes according to the hopping pattern; and 

a hopping controller connected to orthogonal code 
generator for generating hopping pattern. 

3. A transmitter as claimed in claim 1, wherein the first 
hopping orthogonal code generator comprises: 

a memory for storing the orthogonal codes for output 
according to the hopping pattern; and 

a hopping controller for generating the hopping pattern 
and outputting the hopping pattern to the memory. 

4. A transmitter as claimed in any preceding claim, wherein 
the means for transmitting the output signal comprising the 
orthogonally encoded digital signals comprises: 

a summer connected to outputs of the mixers for summing 
the orthogonally encoded digital signals output from the 
mixers to produce a summer output signal; 

a modulator for modulating the summer output signal; 

an antenna; and 

a power amplifier for amplifying an output signal of the 
modulator and radiating the amplified signal through the 
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antenna. . 

5 . A transmitter as claimed in any preceding claim, wherein 
the duration of a code symbol of an orthogonal code used to 
orthogonally encode the digital signals varies as between 
orthogonal codes in relation to a data unit of a digital 
signal. 

6. A transmitter as claimed in any preceding claim, wherein 
the hopping pattern varies in a predeterminable manner. 

7. A transmitter substantially as described herein with 
reference to and/or as illustrated in figure 2A f 3A and 4. 

8. A receiver for a digital communication system, the 
receiver comprising 

means for receiving an output signal comprising 
orthogonally encoded digital signals; 

a second hopping orthogonal code generator for 
generating orthogonal codes according to a hopping pattern 
identical to that of a compatible transmitter; 

a plurality of mixers for multiplying an output signal 
of the demodulator by the corresponding orthogonal codes; and 

a plurality of integrators for integrating output 
signals of the mixers to restore the digital signals. 

9. A receiver as claimed in claim 8, wherein second hopping 
orthogonal code generator comprises: 

an. orthogonal code generator for generating the 
orthogonal codes according to the hopping pattern; and 

a hopping controller connected to orthogonal code 
generator for generating hopping pattern. 

10. A receiver as claimed in claim 8, wherein the second 
hopping orthogonal code generator comprises: 

a memory for storing the orthogonal codes for output 
according to the hopping pattern; and 

a hopping controller for generating the hopping pattern 
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and outputting the hopping pattern to the memory. 

11. A receiver as claimed in any of claims 8 to 10, wherein 
the means for receiving the output signal comprising 
orthogonally encoded digital signals comprises 

an antenna for receiving a receive signal comprising the 
orthogonally encoded digital signals; 

a radio frequency (RF) amplifier for amplifying the 
receive signal to produce an amplified receive signal; and 

a demodulator for demodulating the amplified receive 
signal . 

12. A receiver as claimed in any of claims 8 to 12, wherein 
the duration of a code symbol of an orthogonal code used to 
orthogonally encode the digital signals varies as between 
orthogonal codes in relation to a data unit of a digital 
signal. 

13. A receiver as claimed in any of daia. 8 to 11, where in 
the hopping pattern varies in a predeterminable manner. 

14. A receiver substantially as described herein with 
reference to and/or as illustrated in figures 2B, 3B and 4 . 

15. A digital communication system comprises a transmitter 
as claimed in any of claims 1 to 7 and a receiver as claimed 
m any of claims 8 to 14. 

16. A digital communication system substantially as 
described herein with reference to and/or as illustrated in 
figures 2, 3 and 4. 

17. A transmitter for digital communication system, the 
transmitter comprising 

a first hopping orthogonal code generator for generating 
orthogonal codes; y 

. Plurality of Mch =onDected ^ 
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signals by the orthogonal codes to produce orthogonally 
encoded digital signals; 

means for transmitting an output signal comprising the 
orthogonally encoded digital signals; 

wherein the duration of a code symbol of the orthogonal 
codes used to orthogonally encode the digital signals varies 
as between orthogonal codes in relation to a data unit of a 
digital signal. 

18. A receiver for a digital communication system, the 
receiver comprising 

means . for receiving an output signal comprising 
orthogonally encoded digital signals; 

a second hopping orthogonal code generator for 
generating orthogonal codes identical to that of a compatible 
transmitter; 

a plurality of mixers for multiplying an output signal 
of the demodulator by the corresponding orthogonal codes; and 

a plurality of integrators for integrating output 
signals of the mixers to restore the digital signals; 

wherein the duration of a code symbol of the at least 
one orthogonal code used to orthogonally encode the digital 
signals varies as between orthogonal codes in relation to a 
data unit of a digital signal. 

19. A transmitter as claimed in claim 17 or a receiver as 
claimed in claim 18, wherein the orthogonal codes are 
generated according to a selectable hopping pattern. 

20. A digital communication system comprising a transmitter 
as claimed in either of claims 17 or 19 and a receiver as 
claimed in either of claims 17 or 19. 
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